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This is a retrospective review of our experience in
Detroit with extracranial vertebral artery (ECVA)
reconstruction from 1975 to December 1998.
During the span of 22 years covered by this study,
our understanding of vertebral artery disease and of
the outcomes of its surgical reconstruction evolved,
and, consequently, the indications for surgery
changed accordingly. In some instances, we restrict-
ed the indications. For example, we stopped correct-
ing asymptomatic ECVA lesions during ipsilateral
carotid endarterectomies. In other instances, the
indications were expanded when new techniques
allowed access to higher levels of the ECVA.
During the first half of our series, we had prob-
lems that were derived from the inevitable learning
curves attached to new procedures and unfamiliar ter-
ritories. During the second half of our series, we ben-
efitted from powerful improvements, such as intraop-
erative digital arteriography, magnetic resonance
imaging (MRI), and uniform anesthesia protocols.
The significant landmarks in our experience with
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reconstruction of the ECVA have been as follows.
From 1975 to 1982, we performed only proximal
(V1 segment) reconstructions, first with vein bypass
grafting,1 then with transpositions to the common
carotid artery. In 1982, we began to perform distal
(V3 segment)2 reconstructions at the C1 to C2 level
and we operated on patients with symptoms that
suggested embolization and that were diagnosed
with a combination of selective digital arteriography
and MRI. From 1991, we added intraoperative dig-
ital arteriography to our reconstructions in what
became a successful bid to detect technical flaws that
were not obvious with external inspection. Also in
1991, we established a partnership with a vascular
anesthesia team that participated in all the proce-
dures for the remainder of this series. In 1993, we
performed our first reconstruction of the vertebral
artery at the suboccipital (atlanto-occipital) level.
Our total experience therefore represents a mix-
ture of management with changing guidelines and
with different diagnostic and therapeutic resources.
Because of this lack of homogeneity, the average
results from the entire series have little relevance to
the management of ECVA disease today. The entire
set of patients will be analyzed to define demo-
graphics, etiology, and comorbidity and to point out
the lessons learned during management. However,
we will present in greater detail a set of 154 consec-
utive patients who underwent operation from
January 1991 through December 1998 with our
present management protocols. This set—and not
the entire series—reflects accurately the manage-
ment and outcomes of ECVA reconstruction today.
CLINICAL MATERIAL
From 1975 to December 1998, we performed a
total of 369 ECVA reconstructions. Because of an
insufficient length of follow-up, we excluded from
this review the ECVA operations that were performed
since January 1999. Our total experience with V1 and
V3 reconstruction up to December 1998 is shown in
Fig 1. The clinical presentations of these patients are
summarized in Table I. There were 16 patients (4%)
who were asymptomatic in the entire series. In 12 of
the 16 patients, reconstruction of the asymptomatic
ECVA was performed concomitant to another vascu-
lar operation (two coronary bypass grafting proce-
dures and 10 carotid endarterectomies). Four patients
underwent operation for an asymptomatic ECVA
lesion alone. Of these four patients, two had a severe-
ly diseased single vertebral artery that was the only
direct blood supply to the brain, one had a severe but
asymptomatic restenosis of a previous distal bypass
graft, and one had severe bilateral vertebral artery
stenosis after mediastinal radiation.
Among the patients who were symptomatic (n =
353), there were 15 patients with cerebral hemispher-
ic symptoms, 115 with combined cerebral hemispher-
ic and vertebrobasilar territory symptoms, and 223
with symptoms of vertebrobasilar ischemia. Among
the 223 patients with symptoms of vertebrobasilar
ischemia, there were 42 patients with extrinsic com-
pression of the ECVA. In 34 of the 42 patients, the
symptoms were induced with neck rotation or exten-
sion and could be triggered by the examiner with
these maneuvers. In these 34 patients, the extrinsic
critical compression was shown arteriographically3
and the vertebrobasilar symptoms were induced with
the maneuvers mentioned previously (Fig 2).
There were 33 patients in whom the combina-
tion of arteriographic and MRI results showed the
cause/effect relationship between an ECVA lesion
and the embolic infarction in the posterior circula-
tion territory (Fig 3). The lesion was atherosclerotic
in 300 cases, a dissection in seven cases, an extrinsic
compression in 42 cases, fibromuscular dysplasia in
two cases, and other lesions (listed in Table II) in 18
cases.
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Fig 1. Vertebral artery reconstructions performed from
1975 to 1998.
Table I. Clinical presentation of patients
Condition No. of patients Percent
Symptomatic (n = 353)
Hemispheric 15 4
Hemispheric + VBI 115 30
VBI 223 60
Asymptomatic (n = 16)
Concomitant operation 12 3
Critical single brain supply 3 0.8
Restenosis distal bypass graft 1 0.2
Total 369 100
VBI, Vertebrobasilar ischemia.
The comorbidities in this group of patients are
shown in Table III. There was a high incidence of
coronary artery disease and hypertension. It is note-
worthy that 40% of the patients (148 of 369) in this
series had a previous brain infarction documented
with computed tomographic scan or MRI (hemi-
spheric only, 85 of 369; posterior only, 45 of 369;
and both hemispheric and posterior, 18 of 369).
The male/female ratio was 1.5, and the average
age was 64 years. This series comprised 252 proxi-
mal and 117 distal ECVA reconstructions.
In our protocol, the anatomic requirement for
reconstruction of the ECVA in a patient with hemo-
dynamic symptoms is a more than 75% diameter
stenosis/occlusion of the dominant ECVA or of
both ECVAs, if both join the basilar artery. In
patients with thromboemboli, the identification of
the embolic source in one ECVA is sufficient reason
to correct it, regardless of whether the opposite ver-
tebral artery is healthy or absent.
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Fig 2. Rotation of head causes severe compression of pars
atlantica of this dominant vertebral artery.
Fig 3. Pontine infarcts in patient with vertebral artery
(V3) dissection.
Table II. Cause of the vertebral artery lesion
Causes No. of patients
Atherosclerosis 300
Extrinsic compression 42
Dissection 7
Radiation arteritis 5
Graft restenosis/intimal hyperplasia 3
Fibromuscular dysplasia 2
Previous surgical ligation 3
Aneurysm 2
Fistula 2
Others 3
Total 369
Table III. Comorbidities
Comorbidities No. of patients Percent
Hypertension 234 63
CAD 136 37
MI 93 25
CHF 31 8
Stroke 114 31
Tobacco 198 54
Diabetes mellitus 99 27
COPD 37 10
CAD, Coronary artery disease; MI, myocardial infarction; CHF,
congestive heart failure; COPD, chronic obstructive pulmonary
disease.
}70%
We divided this series into the following two sets
(Table IV): set A included 215 patients who under-
went treatment before January 1991, and set B
included 154 patients who underwent treatment
after this date. The dividing time boundary for these
sets was chosen at January 1, 1991, because our pre-
sent protocols for management of ECVA disease
have been in place from this date. We started to use
digital intraoperative arteriography in the latter half
of 1990. All the patients who underwent operation
since January 1991 underwent digital arteriography
in the operating room at the completion of their
reconstruction.
By 1991, we had accumulated enough experi-
ence with the techniques used for reconstruction of
the ECVA that we assumed we were in the flat por-
tion of the asymptotic learning curve. In addition, in
1991, we consolidated our vascular anesthesia team
and agreed on guidelines for anesthetic management
that are summarized as follows: (1) the strict control
of blood pressure, monitored with an arterial line
transducer, with drugs delivered only with volumet-
ric electric pumps; (2) the use of short-acting
vasoactive agents (nicardipine and nitroglycerin) to
control hypertension, which is prevalent in this pop-
ulation of patients with ECVA disease; (3) the use of
dobutamine as a vasopressor, only in the rare cir-
cumstances in which volume resuscitation does not
suffice; (4) the use of desfluorane as the anesthetic
agent to allow the prompt waking of the patient at
the conclusion of the operation; (5) the use of eto-
midate routinely to decrease the cerebral metabolic
rate of oxygen comsumption during periods of arte-
rial clamping; (6) accelerated coagulation times
monitored frequently throughout the operation;
and (7) superficial cooling to 34.5°C when the ver-
tebral artery is the only direct supply to the brain.
Table IV lists the demographics of the two sets of
patients who form this series: the 215 patients who
underwent operation before January 1991 (set A)
and the 154 patients who underwent operation after
January 1991 (set B). The cardiac risk, defined as
the presence of myocardial infarction, congestive
failure, or documented coronary artery disease, was
about the same for each set: 38% for set A and 42%
for set B.
SURGICAL RECONSTRUCTION 
TECHNIQUES
Proximal vertebral artery (V1). The tech-
niques used for V1 reconstruction in set B, which
represents our current practice, are listed in Table V.
To reconstruct the V1, we usually transposed it to
the ipsilateral common carotid artery. There were 90
V1 reconstructions in set B, and 65 of those recon-
structions (72%) were transpositions to the common
carotid artery. The technique for transposition of the
V1 to the common carotid artery has been described
elsewhere.2 It is a simple, minimally traumatic oper-
ation that normally requires 24 hours of hospitaliza-
tion. There were 11 patients who underwent sub-
clavian to V1 bypass grafting.4 This option was cho-
sen because the ipsilateral common carotid artery
was diseased or occluded. The other techniques used
are listed in Table V.
Distal vertebral artery (V3). The ECVA is
reconstructed at the C1 to C2 level with four different
techniques that have been previously described.2,5
The most common technique was a saphenous vein
bypass graft from the common carotid artery to the
V3. In set B, 40 of 64 (63%) of the V3 reconstructions
were carried out with this technique. Saphenous vein
patency and size were assessed before surgery with
duplex ultrasound scanning. Once the bypass graft
was completed, the vertebral artery was occluded with
a hemoclip immediately below the distal anastomosis
to avoid embolization from the proximal segment of
the ECVA.2
Another way to revascularize the V3 is to trans-
pose the external carotid artery to it. This was done
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Table IV. Demographics of the two sets of
patients in this series
Set A Set B
Total patients 215 154
Male/female ratio 1.1 2.5
Average age (years) 64.3 63.1
Cardiac risk 83/215 (38%) 65/154 (42%)
Table V. Proximal vertebral artery operations in
set B (1991 to 1998)
No. of 
patients Percent
Transposition V1 to common carotid 65 72
Subclavian to V1 bypass graft 11 12
Transposition V1 to subclavian, 7 8
thryrocervical
Carotid to V1 bypass graft 2 2
Trans-subclavian endarterectomy 1 1
Thrombectomy + urokinase 1 1
V1 bypass grafting from separate neck graft 2 2
Aorta to V1 bypass graft 1 1
Total 90
in 11 of 64 patients (17%) of set B. The other tech-
niques that are less frequently used are listed in
Table VI.
The V3 may be reconstructed at the C0 to C1
level6 (suboccipital segment) in cases of emboliza-
tion of dissection that extends up to C1 or in
patients who have external compression of the
ECVA between the lamina of the atlas and the occip-
ital bone. In the first case, a bypass graft is tended
from the high cervical internal carotid artery to the
pars atlantica of the ECVA via a posterior approach.
In the second case, if there is no abnormality within
the wall of the ECVA, a laminectomy of C1 removes
the lower, and sharper, element of compression and
eliminates the problem.
RESULTS
As the V1 reconstruction became available at the
institutions that referred patients to us, we did fewer
V1 and relatively more V3 revascularizations in the
latter part of our experience. In the entire series, we
had a 3.2% incidence rate of postoperative strokes
and a 2.1% rate of death. A complication was listed
as postoperative if it occurred within 30 days of the
operation.
Of the eight deaths in the entire series, four
occurred after V1 reconstructions and four after V3
reconstructions. Three deaths in the V1 group were
caused by cardiac events (arrhythmia, massive
myocardial infarction, and cardiac arrest) that
occurred 12, 18, and 29 days after the vertebral
operation. One death was the result of a hemispher-
ic infarction in a patient with ipsilateral internal
carotid artery occlusion.
Two of the four deaths that occurred after V3
operations were the results of acute thrombosis of a
bypass graft. One patient had a brain stem stroke
that lead to death. In the second patient, we perfo-
rated the intracranial portion of the vertebral artery
in an attempt at thrombectomy with a fine catheter.
This caused a fatal subarachnoid hemorrhage. One
patient underwent distal bypass grafting to try to
arrest a severe progressive embolic stroke that was
unresponsive to heparin treatment. The patient died
in spite of a patent reconstruction. The remaining
death in the V3 group was the result of a massive
hemispheric infarction in a patient with severe mid-
dle cerebral artery stenosis, bilateral vertebral occlu-
sion, drop attacks, and bilateral sensory symptoms.
There were 12 strokes in the entire series, and six
of the strokes (stroke-deaths) occurred in patients who
died and were described previously. The six remaining
strokes were all hemispheric in distribution. Four
strokes occurred after combined carotid/vertebral
operations for carotid indications: one was a small
bilateral frontal infarction in a patient with bilateral
internal carotid artery occlusion, and the last one was
a slight paresis of the right hand, which occurred after
a left carotid artery to V3 bypass grafting procedure,
that was possibly related to the application of the
carotid clamp for the proximal anastomosis.
We did not observe ischemic infarction of the ver-
tebrobasilar artery territory during the ECVA clamp-
ing required by the reconstruction. Special concern
was raised with the four strokes (with two deaths) that
occurred in patients who had undergone concomitant
carotid/vertebral reconstruction. The deaths were
caused by massive hemispheric infarction in one
patient and by a cardiac event in the other.
There was a higher rate of complication in the
patients who had undergone combined carotid and
vertebral procedures (five of 83, or 6%, had strokes).
Ten of these patients were asymptomatic, and 73
had vertebrobasilar symptoms. The incidence rate of
cardiac risk (as defined previously) in this group was
46%, and the incidence rate of contralateral internal
carotid occlusion was 18%. The complications that
were noted in this group derived either from the
carotid operation (hemispheric infarctions) or from
the general anesthetic (cardiac deaths 1 to 4 weeks
after surgery).
In set B, we had two late failures of a V1 recon-
struction at 3 and 38 months. Both patients had
severe tandem stenoses at V1 and in the intradural
segment of the vertebral artery, near the origin of
the basilar artery. In both cases, the transposition of
V1 provided inflow and access for eventual balloon
angioplasty. In one patient, the vertebral artery was
found to be thrombosed at the time of the sched-
uled angioplasty 3 months later. The other patient
became free of symptoms with the V1 transposition,
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Table VI. Distal vertebral artery operations in set
B (1991 to 1998)
No. of patients Percent
Common carotid to V3 bypass graft 40 63
Transposition external carotid to V3 11 17
Transposition V3 to internal carotid 2 3
Bypass grafting external carotid to V3 2 3
Subclavian to V3 bypass graft 1 2
Aneurysm replacement by grafting 2 3
Ligation 1 2
Decompression laminectomy 1 2
Suboccipital V3 bypass graft 4 6
Total 64
but, when the symptoms reoccurred 2 years later,
the vertebral artery was found to be thrombosed.
For all the vertebral operations, the incidence
rate of immediate postoperative thrombosis was 11%
in set A and 2.5% in set B (P = .002). Among the
distal bypass grafts, there were 16 of 215 immediate
thromboses in set A and four of 154 in set B. This
difference is highly significant (P = .001). Although
the increased proficiency with the technique may
have played a role in the decrease of complications,
we believe that the part played by the introduction
of intraoperative arteriography has been para-
mount.5
The death and stroke rates for the two sets of this
series are shown in Table VII. Among the 154
patients in set B, we noted one transient ischemic
attack (0.6%) and three strokes (1.9%), one of which
resulted in death (0.6%). When compared with the
rates that were reported for set A, these results rep-
resent a relative risk reduction of 270% in the
stroke/death rates. The death and stroke rates in set
B are those rates expected from the surgical recon-
struction of the ECVA with our present manage-
ment. The primary patency rates for both sets are
shown in Figs 4 and 5. Patency was determined only
by the last date of ultrasound scan or arteriogram
that showed a patent reconstruction. If neither tech-
nique was available, the patient was considered to be
lost to follow-up examination for the patency deter-
mination from the last date of imaging. Fig 6 shows
the 5-year actuarial survival rate curves for the
patients in set A with the longest follow-up periods.
DISCUSSION
Hemispheric symptoms, either alone or in com-
bination with vertebrobasilar ischemia, were present
in 130 patients with severe disease of the ECVA.
This can be explained by the high incidence rate of
severe carotid artery disease in this group. Among
the few patients (n = 15) with cerebral hemispheric
symptoms alone, nine of 15, or 60%, had at least one
internal carotid artery occluded. In the group (n =
115) with hemispheric and vertebrobasilar symp-
toms, 42 of 115, or 37%, had internal carotid artery
occlusion (13 bilateral and 29 unilateral).
The difference in the outcomes in the two sets of
patients into which we have divided this series reflects
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Table VII. Morbidity and mortality
Set A (n=215) Set B (n=154) RRR
TIA 4 (1.8%) 1 (0.6)% 2.9
Stroke 9 (4.1%) 3 (1.9)% 2.2
Death 7 (3.2%) 1 (0.6)% 5.1
Stroke and death 11 (5.1%) 3 (1.9)% 2.7
RRR, Relative risk reduction; TIA, transient ischemic attack.
Fig 4. Primary patency rates for set A. Numbers indicate
patients entering each interval.
Fig 5. Primary patency rates for set B. Numbers indicate
patients entering each interval.
Fig 6. Cumulative survival rates for patients in set A.
Numbers indicate patients entering each interval.
the shortcomings (selection, technique) and improve-
ments (imaging, anesthesia) that led to our present
protocols. The 154 patients who underwent opera-
tion during the last 8 years (set B) define our current
practice and outcomes.
The higher rate of complication that was observed
in the group that underwent carotid and ECVA oper-
ations is explained by the degree of contralateral
carotid artery disease and cardiac risk in these patients.
Other authors7 have reported higher rates of compli-
cations in patients who undergo carotid endarterecto-
my who have synchronous ECVA lesions.
Among the patients who underwent combined
carotid and ECVA reconstructions (n = 81), 10 had no
vertebrobasilar territory symptoms and were undergo-
ing carotid endarterectomy for a severe/symptomatic
carotid artery lesion. In these 10 patients, the ECVA
on the ipsilateral side was dominant and had a severe
stenosis, although it was asymptomatic. Given the
higher rate of complications in this subgroup, we
stopped incidental reconstruction of the ECVA in
patients who underwent carotid endarterectomy in
1988.
A shunt was used only twice early in the series in
two patients with bilateral internal carotid artery
occlusion. In each case, the only patent ECVA need-
ed reconstruction. The shunt (flexible straight tub-
ing) was awkward to insert and to work around. In
both cases, it caused an intimal tear of the vertebral
artery that required a reoperation for thrombosis.
The reoperation, which was successful in both cases,
was performed without a shunt.
There probably is never a reason to shunt an
ECVA. Clamping of the internal carotid artery
results in a stagnant column of blood. Conversely,
the clamping of the vertebral artery does not com-
pletely arrest flow because its anastomoses to the
cervical ascending and intercostovertebral arteries
maintain some flow through the distal cervical and
intracranial segments of the vertebral artery.
When faced with the need to clamp an ECVA
that is the only direct supply to the brain, we have
used superficial hypothermia (34°C ± 0.5°C) during
the last 5 years. This mild hypothermia should theo-
retically decrease cerebral metabolism by 18%. This
procedure has been used in addition to our standard
neuroprotective protocols for anesthesia and has not
resulted in cardiac arrhythmias.
Is there a justification to operate on an asympto-
matic critically stenosed vertebral artery? Most likely
the answer is “yes” in two rare circumstances: (1) in
the salvage of a previously placed graft that has devel-
oped a critical stenosis and is the only inflow to the
basilar artery (we have seen brain stem infarction and
death from the sudden occlusion of a bypass graft that
is the sole inflow to the basilar artery), and (2) in
patients with bilateral internal carotid and vertebral
occlusion who need to undergo cardiopulmonary
bypass grafting. In the latter, it is advisable to recon-
struct one of the vertebral arteries (only feasible at the
V3 level) to protect the patient from intraoperative
brain ischemia. We have shown8 that the correction of
vertebral stenosis/occlusion increases hemispheric
flow (measured by Xenon 133) in patients with severe
carotid artery disease by an average of 5 mL/100
g/minute.
The only death that was observed in set B occurred
in the patient with a severe, progressive, embolizing
stroke that involved the brain stem from partial throm-
bosis of a dominant ECVA. We do not know the cause
of the ECVA thrombosis. Anticoagulation therapy did
not arrest the progressive stroke. The V3 bypass graft-
ing and exclusion of the proximal ECVA performed
did not reverse the rapid deterioration that this patient
had. This outcome was not unexpected in a patient
with multiple acute infarctions of the brain stem.
We did not observe any morbidity or mortality
with reconstruction of proximal ECVA disease (n =
90) in set B. There were, however, two late failures
of V1 transpositions. In both cases, the patients had
a severe tandem lesion of the intradural segment of
the ipsilateral vertebral artery.
There was a 1.9% combined morbidity and mor-
tality rate for all the V1 and V3 reconstructions in
subset B. This is a better outcome than that report-
ed for symptomatic carotid artery disease from cen-
ters with large experience.9,10
Our anesthesia protocols were established in 1991.
Since then (set B), there has not been a death from a
cardiac event within 30 days of the operation. The
postoperative cardiac complications in set A, which
occurred 1 to 3 weeks after surgery, were likely related
to intraoperative myocardial ischemic events.
The 5-year survival rate of patients with ECVA
disease was 71% (set A). Most of the patients who
died did so from cardiac causes. This is similar to the
5-year survival rate of patients with severe athero-
sclerotic involvement of their carotid arteries
(70%)11 or supraaortic trunks (73%, 71%).12,13
The reconstruction of symptomatic ECVA dis-
ease maintains 97% of surviving patients free of
stroke for 5 years. The risk of disabling stroke in
patients with symptoms of embolism in the verte-
brobasilar territory is greater than in those with
embolization of the carotid territory.14 On the other
hand, patients with hemodynamic transient ischemic
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attack in the vertebrobasilar territory and normal
MRI have less risk of disabling stroke than those
patients with carotid symptoms, but they can lose
physical independence from manifestations of imbal-
ance and severe trauma can occur (eg, falls, driving
accidents).
The role of endovascular treatment of ECVA
lesions is modest and limited to the occlusion of
arteriovenous fistulas with detachable balloons.15 In
proximal ECVA disease, the combined death/stroke
rate since 1991 has been nil and the average length
of stay is 24 hours. It is unlikely that this outcome
can be improved with endovascular techniques.
Distal reconstructions are done mostly (74%) in
ECVAs that are occluded in their lower cervical seg-
ments or have extrinsic bone compression. Neither
of these conditions is amenable to angioplasty.
This review has stressed the relevance of intraop-
erative arteriography in minimizing immediate post-
operative thrombosis after reconstruction of the
ECVA. It also suggests that strict intraoperative
anesthesia management of these patients avoids the
cardiac complications that were responsible for a
number of deaths in the early part of our experience.
In our experience, it is less risky to reconstruct
the ECVA than the internal carotid artery. Distal
ECVA revascularization is technically more demand-
ing and should only be performed with completion
angiography.
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Dr Thomas S. Riles (New York, NY). Dr Berguer and
his associates are to be congratulated for this excellent
paper and the presentation on their unique experience
with surgery for vertebral artery disease. The variety of
pathologic conditions, the multitude of reconstructive
procedures, many of which were described by Dr Berguer,
the volume of cases, and the careful documentation of sur-
gical results makes this a landmark article that will serve as
a reference for vascular surgeons for years to come. It is a
manuscript that is rich with information and one that is
worthy of reading in detail.
Vertebral artery insufficiency is a rare condition. Little is
known regarding the prevalence and the natural history. The
lack of understanding in the community of the clinical mani-
festations of posterior circulatory symptoms, of the proper
steps to reach a correct diagnosis, and of the possibilities for
treatment all contribute to the fact that few in this room will
treat more than a handful of these patients in a career of vas-
cular surgery. The large experience presented here today is a
tribute to the excellent reputation of Dr Berguer and his asso-
ciates who have contributed so much to our understanding of
the diagnosis and successful treatment of this condition.
I have several questions.
The first is about the transient neurologic symptoms.
How often did the symptoms persist after the operation?
And if they did persist, what was the reason? Was it a misdi-
agnosis or a failure of the procedure in some other manner?
The second relates to the management of combined
DISCUSSION
carotid and vertebral disease. For the patients with basiver-
tebral symptoms and carotid disease, when do you choose
to repair the carotid first to see if this will relieve the symp-
toms? Specifically, if a patient had an 80% stenosis of one
carotid artery, would you do the carotid artery first? Or
what would the answer be if it were 60% stenosis? Related,
how often is repair of the high-grade stenosis of the carotid
artery sufficient to improve the posterior circulation?
The last question pertains to your use of digital
angiography during surgery to assess your surgical repair.
I am interested to know how many times did you have to
actually redo the reconstruction because of an abnormal
finding on the angiogram?
I greatly enjoyed your paper. Thank you for sharing
your experience with us. Congratulations to you and your
coauthors and to your recent election as President-Elect.
Thank you.
Dr Ramon Berguer. Thank you, Dr Riles. The transient
ischemic attacks that we observed were all in the carotid ter-
ritory, and I cannot tell you how long they lasted. All I can
tell you is that they were shorter than 24 hours.
With regards to the combination of carotid and verte-
bral artery disease, 83 patients in this series underwent
carotid and vertebral reconstruction. In this particular
subgroup, we had five strokes—a substantial risk increase
in patients undergoing combined surgery, probably
because these patients have a greater extent of extracranial
and intracranial disease than the general population of
patients with vertebral disease.
Which artery do we repair? If we have a patient with
carotid symptoms, the carotid is operated if it fulfills the
indications for surgery, which are fairly standard across the
county today. We will not operate on an asymptomatic
vertebral lesion simply because it happens to be next to a
surgical carotid nowadays. We used to before. We had two
deaths in this group, so we stopped doing it.
Dr Riles. Actually, the specific question was, and it was
raised by Dr Kalla’s group many years ago, that 90% of the
people with basivertebral symptoms would have relief of
their symptoms simply with repair of the carotid artery
stenosis.
Dr Berguer. I respectfully disagree with that. You do not
cure more than 60% of the patients with operation on their
severe carotid lesions when they present with vertebrobasi-
lar symptoms caused by carotid and vertebral lesions.
Furthermore, in the small subgroup that have emboliza-
tion, carotid endarterectomies do not resolve the problem.
Finally, you asked in how many patients did we find a
problem in the angiogram that required some remedy in
the operating room. There were four instances of patients
in whom the angiographic results showed some gross
technical flaw. I imagine that had I not repaired it, these
patients would have had a postoperative thrombosis and
perhaps a stroke.
Dr Nancy L. Cantelmo (Boston, Mass). Dr Berguer, as
mentioned by Dr Riles and also Dr Porter, the majority of
surgeons in this room probably will not see the volume of
vertebral artery patients that you do. It seems to me that
proximal reconstruction is within the technical capabilities
of most vascular surgeons, but what is your opinion on the
more distal reconstructions for surgeons who really do not
have the opportunity to operate on as many as you have?
Dr Berguer. There are actually quite a few proximal
vertebral artery operations done all over the country. For
us, the ratio of proximal to distal operations has changed
radically because hardly anybody refers proximal vertebrals
anymore. The distal operation is a bit more complicated
than the proximal one, but any vascular surgeon familiar
with the surgical dissection of the neck vessels can do it.
Dr Anthony M. Imparato (New York, NY). I am sur-
prised Dr Riles did not tell you the answer to one of the
questions and, that is, the coincidence of carotid and ver-
tebral disease in our combined experience. We reported
that, I think, on more than one occasion. It was necessary
to do vertebral operations with our criteria in only 4% of
the patients in whom we did carotid reconstructions.
Vertebral procedures were done only if symptoms persist-
ed after all extracranial cerebral arterial lesions that were
otherwise accessible had been repaired. With those criteria
and with the performance of predominantly osteal opera-
tions, we had only one stroke and one death and an inci-
dence rate of less than 1% in 120 vertebral operations.
Long-term survival rate, which we also reported, was the
same as the long-term survival rate reported by Jack Wiley
after vertebral procedures and appeared to be that sur-
vival, which was then normal for that age group in the sur-
gical series. So, it appeared as though there had been a
definite improvement in late survival for people who had
combined carotid and vertebral arterial lesions.
The question that I would ask refers to an entity,
which we described, in which there is herniation of verte-
bral arteries outside the vertebral canal and which is not
accessible by any other means except by direct operation
to unroot the vertebral canal. It is a terrible operation
because of the vascularity in that area, as you know. It can
be managed by the distal bypass, which you described.
The condition is a definite entity, and patients who have it
can be terribly disabled but can be completely relieved by
having an appropriate vertebral artery operation.
The last point refers to the work of Hutchinson and
Yates, (Carotico-vertebral stenosis. Lancet 1957;1:2) who
many years ago, on the basis of postmortem examinations
on patients who had died of stroke, reported that the
chances of dying from a stroke were much, much greater
when there was combined vertebral and carotid surgery.
And so it is a great surprise to me that so few people have
taken an interest in correcting vertebral artery lesions or
even in seeking them out. I compliment you on your
interest in this subject and would encourage others to use
the particular techniques required to demonstrate their
presence.
Dr Berguer. Thank you, Dr Imparato. Your work on
vertebral artery surgery was the only information I had
when I started doing these operations, and I am very
grateful to you for it.
Dr Charles O. Brantigan (Denver, Colo). I would
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appreciate it if you would clarify for us under what circum-
stances you do combined carotid and vertebral operations?
Dr Berguer. At this juncture, hardly ever.
Dr Sateesh Babu (Valhalla, NY). Dr Berguer, about 4
weeks ago, we performed a procedure on a patient with
vertebral basilar insufficiency with only one vertebral artery
with interventional techniques. In fact, the stenosis here
was actually in the basilar artery, higher than where you
would do the distal anastomosis. What is your impression
now, in 1999? Would you do interventional techniques in
patients with distal vertebral artery disease?
Dr Berguer. By interventional techniques you mean, I
suppose, endovascular?
Dr Babu. I am sorry, yes. Nonsurgical.
Dr Berguer. In the distal vertebral artery?
Dr Babu. Right.
Dr Berguer. I would not. It is difficult to negotiate
endovascular catheters around the curves of C1 and C2. In
addition, the experience of the Mayo Clinic (Sundt TM Jr,
Smith HC, Campbell JK, et al. Transluminal angioplasty for
basilar artery stenosis. Mayo Clinic Proc 1980;55:673-80)
reported many years ago, about angioplasty of the verte-
brobasilar junction was terrible. They had something like
three deaths in five cases. As stated in the manuscript, most
distal reconstructions are done in patients with proximal ver-
tebral thrombosis, and this precludes advancing a guidewire
through it.
Dr Gregorio A. Sicard (St Louis, Mo). Great work. Do
you use the contralateral vertebral as an indicator? What role
does that play in your decision of what you are going to do
to an ipsilateral lesion, either combined or not combined?
Dr Berguer. An important one. If the patient has
hemodynamic symptoms and the other vertebral is intact,
we do not do anything because you only need to have one
good vertebral to supply enough blood to the posterior
fossa. If the patient has embolic symptoms, it is irrelevant
what the other vertebral is like, because you want to
remove the source of embolization.
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